The present study investigated the solid particle erosion characteristics of Teflon under different impingement angles (15-90°), impact velocities (30-50 m/s), erodent sizes (300-600 μm) and stand-off distances (15-25 mm) at ambient temperature. The Teflon showed ductile erosion behavior exhibited a peak erosion rate at a 30° impact angle. The design of experiments approach utilizing Taguchi's orthogonal arrays was applied to test the specimens on a compressed air jet type erosion test rig. Erosion efficiency (η) values were 0.29-16.7%, which indicates micro-plugging, plastic deformation and microcutting action as dominating erosion mechanisms. The experimental results are closer to the theoretical model. An optimal parameter combination was determined, which leads to minimization of erosion rate. Analysis of variance (ANOVA) was performed on the measured data and signalto-noise (S/N) ratios. A mathematical correlation, consistent with the experimental observations, is proposed as a predictive equation for estimation of erosion rate of tested material. The morphology of erodent surfaces was examined by using scanning electron microscopy (SEM). Possible erosion mechanisms are discussed.
Introduction
In industrial and design relevant issues, polymers have been considered as a most promising material in the recent research interest of different research groups worldwide. With increasing applicability of polymer materials in different innovative systems, especially for industrial and engineering applications, these type of materials are used as an alternative to conventional metals and alloys, when weight saving is crucial. There is a better level of physical, mechanical, thermal, tribological, chemical and useable properties of polymer materials as compared to the conventional materials. At present, in chemical, petroleum, mineral and crude oil industries, corrosion-erosion and fouling factor (deposited layer) are challenging issues when metal pipes are used. In such cases, polymers are used as alternative and preventive coated materials on metals. To ensure the composite properties for application of specific conditions in the context of trusses and benches in satellites, primary evaluation of polymers as a matrix material is essential. For thermal insulation, that is, to maintain the desired temperature level within a system, polymers are used widely to prevent heat loss. There are numerous parameters such as, impingement velocity, impingement angle, type, size and shape of eroded element, nozzle geometry, stand-off distance, temperature, dry and wet conditions, environment, roughness and hardness of the surface and other concerning parameters, which definitely dominate the erosive damage on the polymer surface.
It has been reported in the literature that polymers and their related composites are extensively used in erosive wear situations [1] . Many researchers have investigated the solid particle erosion behavior of different types of polymers, such as, polystyrene [2] , polypropylene [3, 4] , polyurethane [5] , nylon [6] , polyethylene [7] and polymeric composites [8] [9] [10] . In addition, research carried out on various polymers and their composites by Barkoula and Karger-Kocsis [11] and Tewari et al. [12] showed that these materials exhibited poor erosion resistance as compared to metals and alloys. Polymer materials exhibited less erosion in comparison with the reinforced composite as reported by Häger et al. [13] . The solid particle erosion behavior of polymer matrix embedded by the reinforcing phase has been studied to a limited extent by Miyazaki and Takeda [8] and other researchers [9, 10] . Bagci et al. [14] investigated the influence of velocity, impact angle, particle size and weight of impacted abrasives on nylon, carbon fiber-reinforced nylon, epoxy resin, polypropylene and glass fiber reinforced plastic. Arena et al. [5] reported that the viscoelastic behavior of thermoplastic polyurethanes revealed a good relationship between the erosion mass loss and the loss modulus. In their researches, they also found a good linear correlation between loss (E") flexural moduli and the mass loss in the course of the erosion tests irrespective of the impingement angle. However, for better understanding of the relationship between erosion mass loss and other operating parameters, as well as mechanical parameters, more researches are required for plastic materials.
Therefore, the objective of this research work was to systematically investigate the erosive wear performance of Teflon, with special reference to investigating the optimal level of control factors using the Taguchi design. A theoretical model for estimation of erosion wear rate under multiple impact conditions was obtained using the ANOVA approach. The theoretical and actual erosion rate of signal-to-noise (S/N) ratio was confirmed with a very small amount of error. The correlations of the erosion rate with stand-off distance and particle size (mentioned as U. No.), as well as friction coefficient, are developed for predicting the erosion values under lower or higher impact conditions within the observed range. Although impact angle and impact velocity are considered as two important operating parameters for erosion of polymers, in the present correlation, it can be clearly confirmed that stand-off distance and particle size have significant effects on the erosion of tested polymers.
Materials and methods

Material properties, preparation and method of erosion measurement
The measured mechanical properties tested of Teflon are listed in Table 1 . Rectangle type specimens with a size of 50 mm × 30 mm × 5 mm were prepared by utilizing a diamond cutter from injection molded plaques. Before the erosive wear tests, all specimens were cleaned with acetone (Lube House Industries Limited, Bangladesh). Great care was taken to ensure a clean surface before and after wear Technologist, ISO 900, India) with measuring range 97 μm to 4 mm was used to measure the particle size.
The weight of the samples before and after the erosion process was measured by using precision digital electronic balance (model: SP404D, Sciencetech Inc, USA). Erosion rates were calculated from the differences of weight loss by considering unit of time before after
The flow pattern of abrasive particles is related to different factors, such as type of erodent materials, chemical composition, hardness, density, particle shape, particle size and impact resistance. At the time of the experiments, the flow pattern of the abrasive particles was realized in almost similar to the laminar nature under lower impact velocity. But, at higher impact velocity, flow pattern of the erodent was observed as a combination of laminar as well as turbulent nature. However, the changing of impact angles may have some role in characterizing the flow of abrasive particles. In fact there were different modes of effect of flowing abrasive particles under different operating conditions. In this context, elastic/plastic deformation by sliding-rubbing grain movement, elastic/plastic deformation by rolling grain movement, chip formation (microcutting) by rubbing grain movement, ridges formation by rubbing and rolling grain movement and low-cycle fatigue wear were identified [15] . To ensure the exact abrasive flow, more research can be conducted in future studies relevant to experimental and analytical points of view.
Test apparatus
A schematic diagram of the solid particle erosion rig used in the present investigation is shown in Figure 1 . This is to maintain the distance between the nozzle and target material (within 0-30 mm) and the other mechanism is used for varying the angle (0-90°) of the test samples. It can be noted that each experiment was conducted several times under identical conditions to ensure the accuracy of the results. The photograph of the test rig is shown in Figure 2 . The feed gear containing the cylindrical hollow a sand blast erosion test rig from which sand at a flow rate 4.50 g/s comes out in the presence of high pressure air through the nozzle made of gun metal (Brinell hardness 70, tensile strength 300 MPa, density 8713 kg/m 3 at a higher velocity and strike on the rectangular test sample at an ambient temperature. In this set up, a gear motor is fixed with a horizontal frame. The gear motor is connected with the extended portion of feed gear by a belt and pulley. The feed gear is placed in a cylindrical hollow shaft by a bearing mechanism. Feed gear is made by arranging the helical thread on the solid bar. A hopper is connected with the upper portion of the cylindrical hollow shaft by threads. The air-sand mixing chamber is connected with the other part of the cylindrical hollow shaft. In the airsand mixing chamber, the upper portion of the chamber is connected with the compressor (pressure 0-30 bar) by a hose pipe and the lower portion of the chamber is connected with the converging nozzle of 5 mm diameter. A pressure valve is fixed with the upper portion of the mixing chamber for controlling the compressor pressure. When the gear motor starts at 60 rpm, it transmits motion to the feed gear by the belt and pulleys. Due to this motion, the feed gear transmits sand from the hopper to the mixing chamber at a constant rate. The air and sand is mixed in the mixing chamber and air accelerates the sand. As a result of air pressure, sand comes out through the nozzle at a higher velocity due to the increase of kinetic energy of the sand particles and strikes on the test sample. A sample holder mechanism is fixed with the horizontal plate and is comprised of two mechanisms. One mechanism is used shaft (diameter 75 mm and length 300 mm) made of stainless steel 304, the hopper and the mixing chamber made of mild steel, 3-phase feed gear motor and impact angle adjusting mechanism are mentioned in the photograph.
Selection of number of observations
The criteria of selection of the number of observations of each experiment are the justification of ensuring the accuracy level of the tested results. The equation mentioned below is used to validate the selection of the number of cycles under certain confidence levels within a certain accuracy:
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where n = number of observations that should be taken to provide the desired accuracy, z = the normal deviate for desired confidence level, ( ) For the confirmation of accuracy of the test results, the numbers of experimental observations were selected using Eq. (1) . The basis of number of repeatability of each experiment at identical test conditions ensures the confidence level within the desired accuracy. At the time of designing the number of observations, a 95% confidence level within 2% accuracy was considered.
Particles velocity measuring method
A double disc process has been adapted for estimating the impingement velocity of solid particles. The mechanism used for calculating the particle velocity is indicated as a block diagram (Figure 3) . A vertical circular stainless steel 304 rod of diameter 15 mm is connected with the top and bottom circular plate with diameter 150 mm each and a small hole of diameter 1.5 mm is drilled at the top circular plate. The high velocity silica sand element flows through the nozzle as well as impinge in to the motion less top plate drilled hole and as a consequence, high velocity particles cause some color damage (symbolized as A) in the static lower plate. Under rotation (at a selected speed) of two horizontal plates, another color damage (symbolized as B) is obtained on the lower plate due to the effect of high velocity silica sand. Angular displacement of A and B are estimated. The formula expressed below (numbered as 2) is applied for estimating the impingement velocity.
The symbol mentioned in the formula in which L = distance between top and bottom horizontally arranged plates, v = rotational rpm of top and bottom horizontally arranged plates, R = radius from center of bottom plate to point B and S = angular distance between two color damaged locations (A and B). At different pressures, the impingement velocity calibration during this work is summarized in Table 2 .
S/N ratio
Design of experiments is a powerful analysis tool for analyzing and interpreting controlled tests to evaluate the minimum erosion rate becoming smaller is a better characteristic. This can be calculated as logarithmic transformation of the loss function as shown below.
Smaller is the better characteristic:
where n is the number of observations and y is the observed data. The "lower is better" (LB) characteristic, with the above S/N ratio transformation, is suitable for minimization of erosion rates. The plan of the experiments is shown in Table 4 , where the first column was assigned to impact velocity (1A), the second column to impingement angle (2B), the third column to erodent size (3C) and the fourth column to stand-off distance (4D).
Results and discussion
Influence of impact velocity
The effects of impact velocity on the erosion rate of Teflon at different particle sizes for 30°, 60° and 90° impact angles are presented in Figure 4A -C. In all cases, it is quite clear optimal factors. The most important stage in the design of an experiment lies in the selection of the control factors (variable) and fixed parameters. Control factors such as, velocity of impact (A), angle of impingement (B), particle size (C) and stand-off distance (D) are considered for design of experiment. A nozzle diameter of 5 mm, length of nozzle 55 mm, dry silica sand erodent with irregular shape and ambient temperature are taken as fixed parameters. Erodent microhardness (Hv) is 42-44. Therefore, a large number of factors are included so that nonsignificant variables can be identified at the earliest opportunity. In-depth literature survey on erosion behavior of polymer and composite materials depend largely on different parameters, namely, impact velocity, angle of impingement, erodent size and stand-off distance etc. The control and fixed parameter designations are presented in Table 3 . The influences of four such parameters at four levels are studied using L27 ( 4 3 ) orthogonal array design. In Table 4 , each column represents a test parameter and each row stands for a test condition which is a combination of parameter levels. Four parameters each at four levels would require 4 3 = 64 runs in a full factorial experiment, whereas Taguchi's factorial experiment approach reduces it to 27 runs only, offering a great advantage.
The experimental observations are transformed into an S/N ratio. There are several S/N ratios available depending on the type of characteristics. The S/N ratio for 1   1  1  1  1  2   1  1  2  2  3   1  1  3  3  4   1  2  1  2  5   1  2  2  3  6   1  2  3  1  7   1  3  1  3  8   1  3  2  1  9   1  3  3  2  10   2  1  1  2  11   2  1  2  3  12   2  1  3  1  13   2  2  1  3  14   2  2  2  1  15   2  2  3  2  16   2  3  1  1  17   2  3  2  2  18   2  3  3  3  19   3  1  1  3  20   3  1  2  1  21   3  1  3  2  22   3  2  1  1  23   3  2  2  2  24   3  2  3  3  25   3  3  1  2  26   3  3  2  3  27   3  3  3  1 that the steady-state erosion rate of Teflon increases with increase in impact velocity for different impingement angles and particle sizes. In fact, particles have a higher kinetic energy at higher velocity, causing a greater impingement effect which results in an enhanced erosion rate. Expressed as a simple power function of particle impact velocity (v), it can be expressed as follows:
where n is the velocity exponent; the constant of proportionality (k) includes the effects of all the other variables. The influence of impact velocity on the erosion rate of polymer composites has been investigated to a limited extent. The velocity exponent (n) is typically for polymer composites materials behaving in a brittle manner, 3 n 5, whereas for polymeric materials behaving in a ductile fashion, it is 2 n 3 [16] . The various mechanical properties such as hardness, ultimate tensile strength, modulus of elasticity, fracture toughness, yield stress, yield strain and rebound resilience, etc., are most discussed in the literature whenever there is a correlation with erosive wear response. The values of n and k for all the composites and polymers are listed in Table 5 for normal and oblique impingement angles. The least-squares fit to the data points have been obtained by using the power law. The fitting parameters are given in Table 5 and as an example, the criteria of fitting calculation using GRAPHWIN software is expressed in Figure 5 . Using the experimental data, the calculated velocity exponents are obtained in the range of 2.19-3.72 for Teflon at 50 m/s. This means that [20] investigated the influence of velocity, impingement angle, particle size and weight of impacted abrasive for nylon, carbon fiber reinforced nylon, epoxy resin, polypropylene and glass fiber reinforced plastic. Their results showed that, for the particular materials and conditions of their test, composite materials generally behaved in an ideally brittle fashion (i.e., maximum erosion rate occurred at normal impact). Zahavi and Schmitt [18] performed erosion tests on quartz-polyimide, quartz-polybutadiene composites and reported their erosion behavior as nearly ideally brittle with maximum erosion at an impingement angle of 75-90°, whereas an E-glass epoxy composite exhibited semi-ductile erosion behavior with maximum weight loss at an impingement angle of 45-60°.
Influence of particle size
Erodent particle size may significantly affect solid particle erosion of materials; hence, many researchers have already investigated the influence of particle size on the solid particle erosion of various materials [21] [22] [23] [24] [25] [26] . However, different trends of experimental results were summarized in the previous studies. Therefore, for ensuring the conformity of previous results and better understanding, the erosion rates of Teflon are determined for particle sizes 300-355, 355-500 and 500-600 μm under impact velocity the finding of velocity exponents is almost closer to the exponents range mentioned by the different researchers for conformity of ductile behavior of Teflon.
Influence of impingement angle
Several experiments are carried out to understand the effects of impingement angles on the steady-state erosion rate of Teflon ( Figure 6 ) at different ranges of impact (Figure 7) . These results are similar to the results of Kumar et al. [27] , Sundararajan and Roy [21] , Mondal et al. [23] , Dundar and Inal [24] , Lynn et al. [28] and Clark and Hartwich [29] who performed erosion experiments using a wide range of particle sizes, and observed that the collision efficiency of the particles decreased with decreasing particle size. They defined collision efficiency, n as the ratio of the number of particles striking a unit area of the surface in unit time to the number of particles contained within the volume of suspension swept by that area in unit time [28, 29] . Large particles suffer less retardation before impact, due to their high inertia. Therefore, their collision efficiency will be close to unity [29] .
By contrast, smaller particles would be more susceptible to retardation before impact. Hence, their collision efficiency and kinetic energy dissipated after impact will be lower, causing a decrease in the erosion rate. Many have reported that a higher erosion rate results when using a larger particle size, due to the higher energy transfer during the impact from particle to target material. The increase in the erosion rate with the increase in the erodent size may be attributed to two factors. Firstly, with the increase in the size of the erodent, the momentum with which the particle hits the composite target is increased, causing increased indentation damage to the target and secondly, the repeated hitting of such particles with larger erodent sizes may progressively damage the subsurface lying underneath the already indented surface of the composite, thereby promoting the fatigue induced erosive wear of the composites. The interplay of momentum of the erodent, indentation efficiency and fatigue assisted erosive wear modes have also been reported by other researchers. 
Influence of stand-off distance
Experimental investigations were carried out to observe the effects of distance between nozzle and target material on erosion rate of Teflon under impact angle 30°, and impact velocity 30-50 m/s for different particle sizes. Figure 8 shows the variation of erosion rate with the variation of distance between nozzle and target material for material investigated. It can be realized that erosion rate where d and K can be identified as arbitrary constants.
The dimensional parameter D/P mentioned in Eq. (11) is designated as "Uttam Number" and can be expressed in brief as U. No.
The relationships of erosion wear (E R ) and U. No. for Teflon at an impact velocity of 50 m/s and impact angle 30° are displayed in Figure 9 .
The curves of the figures show that the erosion rate decreases linearly with the increase of U. No. and is represented by E R = 0.025-[0.311 (U. No.)] in the case of Teflon.
In Figure 9 , square scatter points show the experimental results of erosion rate with U. No. Using these experimental values, linear regression and correlation are found using Origin software. Continuous lines showed in the figure indicate the regression lines. The coefficient of correlation (r) is calculated to obtain -0.89751 for Teflon. As a subjective measure of the relationship between experimental data and the trend line, the mentioned coefficient of correlation signifies that there are strong negative relationships between erosion rate and Uttam Number. Therefore, it may be concluded that the experimental results are in good agreement with the theoretical calculations.
Erosion efficiency
Erosion efficiency [29] denoted as "η" can be measured using Eq. (12) below:
where E = stable level of erosive wear, HV = Vickers hardness of impacting element, v = impingement velocity and ρ = the density of silica sand.
decreases with the increase in distance between nozzle and target material for the conditions mentioned in these figures. This is due to the fact that with the increase of distance between nozzle and target material, kinetic energy of the sand particles may reduce. In addition, when the distances between the nozzle and target material are relatively nearer to each other, particles may strike on the small area of the test sample with a high concentration of particle flux, but in the case of large distances, particles may strike on a large area of the test sample, with a low concentration of particle flux. 2 , respectively, which justifies the explanation of the result trends. In future studies, concentration of particle flux with stand-off distance can be measured to provide the clear evidence of explanation.
Dimensional analysis
Let:
where, erosion rate (E R ) = MT In such a case k can be considered as a dimensional constant, in this context function (5) can be expressed as follows:
Replacing the symbols of functional parameters concerning the units of every factor, Eq. (6) changes as:
In realizing the dimensional homogeneity of Eq. (6), equating the powers of M, L and T and can be stated as:
a c d 0 or, c -d
Therefore: The hardness alone is unable to provide sufficient correlation with erosion rate, largely because it determines only the volume displaced by each impact and not really the volume eroded. Thus, a parameter which will reflect the efficiency with which the volume that is displaced is removed should be combined with hardness to obtain a better correlation. The erosion efficiency is obviously one such parameter. This thought has already been reflected in the theoretical model, but the evaluation of erosion efficiency can be made only on the basis of experimental data. Hence, the values of erosion efficiencies of this polymer material calculated using Eq. 12 are summarized in Table 6 , in addition to their hardness values and operating conditions. This clearly shows that erosion efficiency is not exclusively a material property, but also depends on other operational variables such as impingement angle and impact velocity. The erosion efficiencies of Teflon under normal impact (η normal) vary from 0.29-1%, 0.76-1.53% and 1.14-6.73% for impact velocities 30 m/s, 40 m/s and 50 m/s, respectively. The value of η for a particular impact velocity under oblique impact can be obtained simply by multiplying a factor 1/sin2α with η normal. A similar observation on velocity dependence of erosion efficiency has previously been reported by investigators Roy et al. [17] and Arjula and Harsha [30] .
The magnitude of η can be used to characterize the nature and mechanism of erosion. For example, ideal micro-ploughing involving just the displacement of the material from the crater without any fracture (and hence no erosion) will result in η = 0. In contrast, if the material removal is by ideal micro-cutting, η = 1.0 or 100%. If erosion occurs by lip or platelet formation and their fracture by repeated impact, as is usually the case in the case of ductile materials, the magnitude of η will be very low, i.e., η ≤ 100%. In the case of brittle materials, erosion occurs usually by spalling and removal of large chunks of materials resulting from the interlinking of lateral or radial cracks and thus η can be expected to be even > 100% [31] .
Effect of friction coefficient
During experiments, it was realized that at the time of high velocity solid particles contacting on the tested Figure 10 shows the plot of erosion rate (E R ) versus friction coefficient for Teflon at impact velocity 50 m/s, 40 m/s and 30 m/s.
In Figure 11 , square scatter points show the experimental relation between erosion rate and friction coefficient. To justify the experimental relation with theoretical context, liner regression and correlation are developed by using Origin software. Continuous lines shown in these figures indicate the regression lines. The coefficients of correlations are -0.55462, -0.35685 and -0.38318 Teflon, respectively. These coefficients of correlations indicate that there are fairly average negative relationships between erosion rate and friction coefficient for Teflon. Therefore, it may be concluded that the experimental results are in fair agreement with the theoretical calculations.
Steady state erosion of Teflon
In Table 8 , the first column represents impact velocity, the second column represents impingement angle, the third column represents erodent size, the fourth column represents stand-off distance and the last column represents S/N ratio of the erosion rate, which is in fact the average of two replications. The overall mean for the S/N ratio of the erosion rate is found to be -53.498 dB. Figure 12 shows graphically the effect of the four control factors on erosion rate. The analysis is made using the popular software specifically used for design of experiment applications known as Minitab 15. Before any attempt is made to use this simple model as a predictor for the measures of performance, the possible interactions between the control factors must be considered.
Thus, factorial design incorporates a simple means of testing for the presence of the interaction effects. Analysis of the results leads to the conclusion that factor combination of A1, B3, C1 and D3 gives minimum erosion rate. The interaction graphs are shown in Figure 13A -C. As far as minimization of erosion rate is concerned, factors A, B, C and D have significant effects. It is observed from Figure 13A that the interaction between A × B shows the most significant effect on erosion rate. However, factors A and C individually have greater contributions on output performance, and the combination of interaction with factors A and C is shown in Figure 13B to have less effect on erosion rate; factors B and C individually have greater contributions on output performance, and the combination of interaction with factors B and C is shown in Figure 13C to have less effect on erosion rate and, therefore, can be neglected for further study. Counter plots of erosion with different operating parameters are presented materials, the impact velocity is assumed to be distributed in parallel and normal components (Figure 10 ). In fact, in this case, impacting of solid particles on the target material may cause some motion; by contrast, some resistance has been assumed to be created due to some mechanical properties (such as hardness, tensile strength, etc.) of the target material. Considering this approach, the friction coefficient was calculated in relation to the angle under theoretical ground. Applying force analysis, and keeping in mind frictional force (F) and tangential force (R), the friction coefficient can be calculated by the following ways: Table 7 . in Figure 13D -F, which in fact justify the experimental observations.
ANOVA and the effects of Teflon
In order to understand a concrete visualization of the mpact of various factors, it is desirable to develop an analysis of variance (ANOVA) table to find out the order of significant factors. Table 9 shows the results of the ANOVA with the erosion rate. This analysis was undertaken for a level of confidence of significance of 5%. The last column of the table indicates that the main effects are highly significant (all have very small p values). From Table 9 , it can be seen that the velocity of impact (p = 0.000), angle of impingement (p = 0.000), erodent size (p = 0.000) and stand-off distance (p = 0.003), have a great influence on erosion rate. The interaction between velocity of impact * angle of impingement (p = 0.084) show the significance of contribution on the erosion rate and the factor velocity of impact * erodent size (p = 0.448), angle of impingement * erodent size (p = 0.956) present less significance of contribution on erosion rate.
Eroding surface morphology
The analysis of morphology of eroded surfaces under different operating conditions is done by using a JEOL JSM 7600F scanning electron microscope (Japan). In general, Teflon exhibits a ductile erosive wear (plastic deformation, plugging and ductile tearing). The eroded surfaces of Teflon subjected to different impingement angles are shown in scanning electron microscopy (SEM) micrographs ( Figure 14A-F) . It is clear from Figure 14A and B that the erosion rate is maximum at 30° impact angle. The possible mechanism responsible for this maximum damage is the direct influences of micro-ploughing and micro-cutting which are associated with plastic deformation for the effect of tangential force (Ft) (marked as 1, 2). In Figure 14 C and D, obviously the wear mechanism is dominated by plastic deformation and propagation of cracks in all the directions by repeated impacts of particles (marked as 3, 4). Such a damaging process does not lead to reflexion of effective removal of material. Under normal impact, formation of micro-cracks and embedment of fragments of sand particles in polymers is evident from the micrographs. The wear mechanism is dominated by extensive plastic deformation and propagation of multiple cracks in all the directions by repeated impacts ( Figure 14E and F).
Confirmation experiment of Teflon
The final step of the Taguchi method is the confirmation experiments conducted for examining the quality characteristics. The confirmation experiment is performed by taking an arbitrary set of factor level combinations and comparing with experimental results. The estimated S/N ratio for wear rates can be calculated with the help of the following predictive equations:
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where 1 η is the predicted average, T is the overall experimental average, 2 3 , A B and 1 C and 2 D are the mean responses for factors at designated levels. By combining like terms, the equation reduces to: 
A new combination of factor levels A 2 , B 3 , C 2 and D 3 is used to predict the deposition rate through the prediction equation and it is found to be 1 η = -43.755. For each performance measure, an experiment was conducted for a different factor combination and compared with the result obtained from the predictive equation as shown in Table 10 .
The resulting model seems to be capable of predicting the erosion rate to a reasonable accuracy. An error of 1.36%
Based on the research presented in this paper, in the case of Teflon, the following conclusions are drawn: 1. Teflon exhibited ductile behavior with maximum erosion rate at 30° impact angle. 2. The steady-state erosion rate (E) of Teflon is related to particle velocity (v) as E = kv n . The exponent n is most near to the standard range for ductile materials. 3. The erosion efficiency (η), in general, characterizes the wear mechanism of composites. All of these particulate filled composites exhibit a semiductile erosion response (g = 10-60%) for low impact velocities for the S/N ratio of the erosion rate is observed. However, the error can be further reduced if the number of measurements is increased. This validates the development of the mathematical model for predicting the measures of performance based on knowledge of the input parameters. and ductile erosion response (η < 10%) for relatively high impact velocity. 4. Solid particle erosion characteristics of the Teflon can be successfully analyzed using the Taguchi experimental design scheme. The Taguchi method provides simple, systematic and efficient methodology for the optimization of the control factors. 5. The results indicate that erodent size, impingement angle and impact velocity are the significant factors in a declining sequence affecting the erosion wear rate. 6. The morphology of eroded surfaces clarifies the wear mechanisms and indicated micro-cutting, microcracking, plastic deformation characteristics of eroded surface. 7. It is expected that the application of these results will contribute to the improvement of different concerned mechanical and tribological processes in industry.
The dimensional analysis of erosion in relation to stand-off distance and particle size provides very good agreement with the experimental results, although the concept of friction and erosion correlation does not provide good agreement for Teflon. However, in the case of material other than Teflon material, correlation of friction and erosion can be expected to provide good agreement in future studies.
